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Abstract: IgA nephropathy (IgAN) is the most frequent primary glomerulonephritis worldwide.
Due to its heterogenicity, there is a need to establish robust biomarkers for IgAN, to support treatment
decisions and evaluate the risk of progression to end-stage renal disease. Using both clinical and
histopathological data, derived from renal biopsies, we aimed to find predictors of renal function
deterioration and proteinuria reduction. Clinical and histopathological data of 80 patients with
biopsy proven IgAN were analyzed. In a multivariate logarithmic regression model, the presence
of endocapillary hypercellularity (E1) predicted a decline in estimated glomerular filtration rate
(eGFR)of at least 50% with an odds ratio (OR) of 15.2, whereas serum albumin concentration had a
negative influence on eGFR deterioration (OR 0.2). In the second multivariate model, the extent of
interstitial fibrosis predicted the worsening of eGFR by 50% (OR 1.1) and serum albumin concen-
tration had a protective impact (OR 0.1). In the univariate logarithmic regression, both the extent
of interstitial fibrosis and the presence of endocapillary hypercellularity negatively correlated with
the reduction in proteinuria below 1.0 g/24 h with an OR of 0.2 and 0.9, respectively. In our paper,
we confirmed the utility of histopathological variables, especially endocapillary hypercellularity
and interstitial fibrosis, and clinical parameters, particularly serum albumin concentration, in the
prediction of both a decline in eGFR and a reduction in proteinuria in IgA nephropathy.

Keywords: IgA nephropathy; proteinuria; glomerular filtration rate

1. Introduction

IgA nephropathy (IgAN) is the most frequent primary glomerulonephritis world-
wide [1], first described by Berger in 1968 [2]. Its diagnosis requires the demonstration of
predominant mesangial IgA deposits on kidney biopsy [3]. The prevalence of IgAN varies
across the world, with the highest values in East Asia, reaching 40% of biopsies in Japan,
through 25% in Europe, 12% in the United States, and below 5% in Africa [4]. Studies
with long-term follow-up found that IgAN is related to poor renal outcomes [5], and about
30–40% of IgAN patients progress to end-stage renal disease (ESRD) within 10–25 years [6].
IgAN is described by a highly variable clinical course from an entirely benign incidental
condition, with the absence of proteinuria and solely erythrocyturia in sediment, to severe
nephrotic syndrome and rapidly progressive kidney failure [1].

There is a need for establishing robust biomarkers for IgA nephropathy to aid with
diagnosis, treatment decisions, and risk prediction for progressive disease [7].

The Oxford Classification of IgA Nephropathy (MEST score) offers an opportunity to
use histology for the prediction of renal outcome, independently of proteinuria, blood pres-
sure, and estimated glomerular filtration rate (eGFR) [8]. The scale includes mesangial
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hypercellularity(M), endocapillary hypercellularity (E), segmental sclerosis (S), intersti-
tial fibrosis/tubular atrophy (T), and presence of crescents (C).The European Validation
Study of the Oxford Classification of IgAN (VALIGA) confirmed the association of M1, S1,
and T1/2 with renal outcomes, as well as the association of M1 and E1 with subsequent in-
crease in proteinuria [9]. The combination of MEST score with blood pressure, proteinuria,
and eGFR at the time of biopsy predicted the composite renal outcome similar to using
clinical data over 2 years of follow-up [10].

Recently, a new risk-prediction tool, including eGFR, blood pressure, use of immuno-
suppression, angiotensin system blockers (RAS), and proteinuria at the time of biopsy,
while also incorporating MEST score, was proposed. It accurately predicted the risk of a
50% decline in eGFR or development of ESKD up to 7 years after biopsy [11].

In this single-center, retrospective study, the clinical and pathological data of IgAN
were analyzed to assess the predictability of both a decline in eGFR and a reduction
in proteinuria.

2. Materials and Methods
2.1. Patients

Eighty adult patients from a single center, with biopsy-proven IgA nephropathy,
were enrolled in this retrospective study, from 1 January 2012 to 31 December 2019.
The exclusion criteria were secondary causes of IgAN; in our center, this included hepatic
cirrhosis and Crohn’s disease.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Institutional Review Board of Wroclaw Medical University
(KB 608/2019; 10 April 2019).

2.2. Kidney Specimen Histology

Specimens obtained by renal biopsy were assessed by experienced pathologists
(PD and AH), according to the Oxford classification of IgAN [12]. Additionally, the extent
of interstitial fibrosis was assessed by evaluating the exact percentage of renal cortex fibro-
sis, and the intensity of interstitial inflammation was categorized on a semiquantitative
scale from 0 to 3.

2.3. Clinical Parameters

The following clinical parameters were assessed: age, gender, blood pressure (systolic
(SBP), diastolic (DBP), and mean (MAP) calculated as ((2 × DBP) + SBP)/3), erythrocyturia
in urinary sediment, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and serum concentrations of total cholesterol, triglycerides, uric acid, fasting glucose,
serum creatinine, serum albumin, and total protein. The number of red blood cells (RBCs)
in urinary sediment was calculated per high-power field (HPF). In the case of RBC/HPF ≤5,
RBC/HPF of 6–20, and RBC/HPF >20, the extent of erythrocyturia was assessed as absent,
moderate, and severe, respectively. The enzymatic method was used for urea, and Jaffe’s
method was used for creatinine evaluation. Kidney function was expressed as eGFR using
the MDRD equation [13]. Renal function decline (the slope of eGFR) was assessed between
the biopsy time and the last control visit in the clinic before December 2019. On this basis,
patients were divided into two groups: those who achieved and who did not achieve
an eGFR reduction of more than 50%. The remaining parameters were evaluated using
routine methods.

2.4. Clinical Management of the Patients

All patients, with proteinuria greater than 1.0 g per day, were treated with angiotensin-
converting enzyme inhibitors (ACEI) or angiotensin receptor blockers ARB (in the case of
ACEI intolerance) at maximum tolerated doses, to obtain blood pressure below 125/75 mmHg.
We did not include the ACEI or ARB doses in our analysis due to their variability. Patients
who did not achieve a reduction in proteinuria below 1.0 g per day, after 6 months of
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treatment with ACEI or ARB, received corticosteroids according to the scheme proposed
by Pozzi et al. [14] (i.v. bolus injection of 1 g of methylprednisolone for 3 days at 1, 3,
and 5 months each, followed by oral prednisone 0.5 mg/kg every other day for 6 months).

2.5. Statistical Analysis

Statistical analysis was performed using Statistica ver. 13 software (StatSoft, Tulsa, OK,
USA). Quantitative continuous data were expressed as the mean and standard deviation
(SD). The distribution was tested with the use of the Kolmogorov–Smirnov test. Differences
between the two groups were assessed with the use of a t-test. Categorical variables were
expressed as absolute (N) and percentage (%) values and compared using the χ2 test.
To predict the values of decline in eGFR and reduction in proteinuria, logistic regression
models were built. Firstly, univariate models were made to determine the best predictors.
Then, multivariate regression was performed, including statistically significant parameters
from univariate models. A p-value <0.05 was considered statistically significant.

3. Results
3.1. Patients’ Baseline Characteristics

Eighty patients with primary IgA nephropathy were enrolled in the study, among them
35 women (44%) and 45 men (56%), aged 39 ± 14 years. Detailed patients’ characteristics
at baseline are presented in Table 1.

Table 1. Patients’ baseline clinical characteristics.

Variable Baseline Values

Female/male 35/45 (44%/66%)
Age (years) 39 ± 14

SBP (mmHg) 131 ± 16
DBP (mmHg) 80 ± 11
MAP (mmHg) 95 ± 12

NLR 2.4 ± 1.5
PLR 140 ± 59

Total cholesterol (mg/dL) 258 ± 104
Triglycerides(mg/dL) 172 ± 91

Uric acid (mg/dL) 6.6 ± 1.7
Fasting glucose (mg/dL) 93 ± 11
Serum albumin (g/dL) 3.5 ± 0.9

Total protein (g/dL) 6.0 ± 1.2
Serum creatinine(mg/dL) 1.4 ± 1.4
eGFR (mL/min/1.73 m2) 68 ± 24

UPCR(g/g) 1.9 ± 1.6
Erythrocyturia—moderate 33 (41%)

Erythrocyturia—severe 28 (35%)
Hypertension 39 (49%)

ACEI treatment 52 (65%)
Prednisone use 18 (23%)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean
arterial blood pressure; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio;
ACEI, angiotensin-converting enzyme inhibitor.

3.2. Histopathological Baseline Data

MEST-C classification, the extent of interstitial fibrosis, and the degree of interstitial
inflammation are presented in Table 2.
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Table 2. Histopathologic parameters of renal biopsies.

Variable Values

M0 14 (17.5%)
M1 66 (82.5%)
E0 56 (70%)
E1 24 (30%)
S0 40 (50%)
S1 40 (50%)
T0 79 (98.75%)
T2 1 (1.25%)
C0 72 (90%)
C1 7 (8.75%)
C2 1 (1.25%)

Interstitial inflammation—0 35 (44%)
Interstitial inflammation—1 38 (48%)
Interstitial inflammation—2 7 (9%)

Interstitial fibrosis (%) 7 ± 8

Abbreviations: M, mesangial hypercellularity; E, endocapillary hypercellularity; S, segmen-
tal sclerosis; T, interstitial fibrosis/tubular atrophy; C, presence of crescents.

Figure 1 presents examples of histopathological findings of IgAN.
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Figure 1. Histopathology of IgAN. (A) Mesangial hypercellularity without endocapillary hypercellularity in glomerulus in
IgAN; HE, 400×. (B) Glomerulus with cellular crescent and endocapillary hypercellularity. Presence of moderate interstitial
inflammation; HE, 400×. (C) Extensive tubular atrophy and interstitial fibrosis in IgAN patient; HE, 200×. (D) Enhanced
IgA reactivity in glomerulus (evaluated by immunohistochemistry); 400×.

3.3. Association between Clinical and Histopathologic Features and Decline in eGFR >50%

Seven patients (8.8%) suffered from a decline in eGFR of at least 50% during the
observation period. Table 3 presents basic clinical characteristics and statistical differences
between both groups. The follow-up time in both groups was comparable and amounted
35 ± 18 and 37 ± 20 months, p = 0.34. Urinary protein excretion was assessed as urine
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protein-to-creatinine ratio (UPCR). Patients suffering from a decline in eGFR by at least
50% had statistically significantly higher PLR and lower concentrations of both serum
albumin and total protein. They also had higher levels of proteinuria as assessed using
UPCR. Furthermore, they used prednisone more frequently before biopsy.

Table 3. Comparison between groups depending on decline in eGFR. The statistically significant
parameters are bolded in the table.

Parameter
eGFR Reduction > 50% p-Value

No (N = 73) Yes (N = 7)

Age (years) 39 ± 13 44 ± 19 0.36
SBP (mmHg) 131 ± 16 133 ± 16 0.79
DBP (mmHg) 80 ± 11 79 ± 0 0.7
MAP (mmHg) 96 ± 12 95 ± 10 0.89

NLR 2.4 ± 1.5 3.0 ± 1.9 0.27
PLR 135 ± 54 189 ± 86 0.02

Total cholesterol (mg/dL) 256 ± 104 281 ± 105 0.55
Triglycerides (mg/dL) 171 ± 92 183 ± 95 0.74

Uric acid (mg/dL) 6.5 ± 1.8 7.0 ± 1.0 0.45
Fasting glucose (mg/dL) 93 ± 11 93 ± 12 0.93
Serum albumin (g/dL) 3.6 ± 0.9 2.6 ± 0.6 0.002

Total protein (g/dL) 6.2 ± 1.2 4.8 ± 1.9 0.004
Serum creatinine (mg/dL) 1.4 ± 1.1 1.1 ± 0.3 0.6
eGFR (mL/min/1.73 m2) 67 ± 24 81 ± 26 0.16

UPCR (g/g) 1.7 ± 2.1 3.6 ± 2.5 0.02
Erythrocyturia—moderate 29 (40%) 4 (57%) 0.62

Erythrocyturia—severe 27 (37%) 1 (14%) 0.49
Hypertension 33 (45%) 6 (86%) 0.1

ACEI treatment 47 (64%) 5 (71%) 0.97
Prednisone use at the time

of biopsy 13 (18%) 5 (71%) 0.006

Prednisone use after biopsy 32 (44%) 6 (86%) 0.08

Renal biopsies in the group with eGFR deterioration showed a higher degree of
endocapillary hypercellularity (E1) and extent of interstitial fibrosis. Differences between
both groups in terms of histopathological parameters are presented in Table 4.

Table 4. Comparison of histopathological features between the groups, depending on a 50% deterio-
ration of eGFR. The statistically significant parameters are bolded in the table.

MEST-C
eGFR Reduction >50% p-Value

No (N = 73) Yes (N = 7)

M1 59 (80%) 7 (100%) 0.24
E1 19 (26%) 5 (71%) 0.03
S1 38 (52%) 2 (29%) 0.39
T2 1 (1.4%) 0 (0%) 0.1

C1-2 7 (9.6%) 1 (14%) 0.7
Interstitial

inflammation—1–2 39 (53%) 6 (86%) 0.21

Interstitial fibrosis (%) 6.6 ± 2.2 11.1 ± 3.2 0.02

Using nonlinear estimation, six parameters among those presented in Tables 1 and 2
were found to have a statistically significant impact on eGFR deterioration >50%. Data are
presented in Table 5. Data without statistical significance are not presented.
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Table 5. Univariate logistic regression. Variables correlated to a decrease of eGFR by at least 50%.

Variable Estimate OR 95% CI p-Value

E1 2.0 7.1 1.2 40.8 0.03
Interstitial fibrosis (%) 0.1 1.05 0.98 1.1 0.018

PLR 0.01 1.01 1 1.02 0.0003
Serum albumin (g/dL) −1.3 0.3 0.1 0.7 0.01

Total protein (g/dL) −0.9 0.4 0.2 0.8 0.01
UPCR (g/g) 0.3 1.3 1.0 1.8 0.04

Using the parameters selected by the univariate logistic regression model, we at-
tempted to build a multivariate model, predicting 50% eGFR reduction. Only those
consisting of two variables reached statistical significance. The best-fitting multivariate
logistic regression models are presented in Tables 6 and 7.

Table 6. Multivariate logistic regression (first model). Variables correlated to an eGFR reduction of at
least 50%.

Variable Estimate OR 95% CI p-Value

E1 2.7 15.2 1.7 13.6 0.02
Serum albumin (g/dL) −1.7 0.2 0.05 0.6 0.008

Table 7. Multivariate logistic regression (second model). Variables correlated to an eGFR reduction
of at least 50%.

Variable Estimate OR 95% CI p-Value

Interstitial fibrosis (%) 0.13 1.1 1.03 1.27 0.02
Serum albumin (g/dL) −1.98 0.1 0.03 0.56 0.006

3.4. Association between Clinical and Histopathologic Features and Proteinuria Reduction below
1.0 g/24 h

In the analyzed group, 38 (47.5%) patients presented urinary protein excretion higher
than 1.0 g (as estimated by UPCR) at the time of biopsy. In 23 (61%) of them, daily protein
loss was reduced below 1.0 g. The mean time to proteinuria reduction was 8 ± 12 months.
In Tables 8 and 9, baseline parameters and differences between the groups are demonstrated.

Table 8. Baseline clinical variables in the groups based on reduction of protein excretion in
urine < 1.0 g/24 h.

Parameter
Proteinuria Reduction < 1.0 g/day p-Value
Yes (N = 23) No (N = 15)

Age (years) 45 ± 16 41 ± 15 0.42
SBP (mmHg) 135 ± 15 129 ± 14 0.24
DBP (mmHg) 80 ±9 79 ±9 0.55
MAP (mmHg) 97 ± 10 94 ± 9 0.36

NLR 2.3 ± 1.4 2.6 ± 2.2 0.56
PLR 144 ± 59 141 ± 55 0.87

Total cholesterol (mg/dL) 327± 130 274 ± 114 0.2
Triglycerides (mg/dL) 198 ± 118 191± 98 0.84

Uric acid (mg/dL) 6.9 ± 2 6.8 ± 1.7 0.81
Fasting glucose (mg/dL) 95 ± 14 90 ± 8 0.81
Serum albumin (g/dL) 2.8 ± 0.9 3.0 ± 0.9 0.49

Total protein (g/dL) 5.2 ± 1 5.4 ± 1.5 0.67
Serum creatinine (mg/dL) 1.6 ± 2.5 1.3 ± 0.4 0.7
eGFR (mL/min/1.73 m2) 71 ± 28 62 ± 21 0.32
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Table 8. Cont.

Parameter
Proteinuria Reduction < 1.0 g/day p-Value
Yes (N = 23) No (N = 15)

UPCR (g/g) 3.6 ± 2.5 3.2 ± 2 0.32
Erythrocyturia—moderate 10 (43%) 8 (53%) 0.55

Erythrocyturia—severe 7 (30%) 1 (7%) 0.18
Hypertension 13 (57%) 8 (54%) 0.85

ACEI treatment 14 (61%) 11 (73%) 0.66
Immunosuppression use at the

time of biopsy 8 (35%) 4 (27%) 0.6

Immunosuppression use
after biopsy 23 (100%) 15 (100%) 1.0

Table 9. Histopathologic variables depending on proteinuria reduction below 1.0 g/24 h. The statisti-
cally significant parameters are bolded in the table.

MEST-C
Proteinuria Reduction <1.0 g/day p-Value

Chi-Square Test

Yes (N = 23) No (N = 15)

M1 18 (78%) 12 (80%) 0.9
E1 5 (22%) 9 (60%) 0.03
S1 10 (43%) 7 (47%) 0.9
T2 0 (0%) 1 (7%) 0.8

C1-2 2 (7.7%) 2 (13%) 0.4
Interstitial

inflammation—1–2 13 (57%) 11 (73%) 0.48

Interstitial fibrosis (%) 4.0 ± 5.3 12.9 ± 12.3 0.004

Patients in whom reduction in proteinuria was achieved presented a lower extent
(assessed as a percentage value) of interstitial fibrosis and lack of endocapillary hypercellu-
larity, compared to those in whom no reduction in proteinuria was achieved.

A univariate logistic regression model was built (Table 10) on the basis of the data pre-
sented in Tables 1 and 2. Data without statistical significance are not presented. Among clin-
ical and histological parameters, endocapillary hypercellularity and interstitial fibrosis
were found to have a negative impact on the reduction in protein loss below 1.0 g/24 h.

Table 10. Univariate logistic regression. Variables correlated to a decrease in proteinuria of <1.0 g/24 h.

Variable Estimate OR 95% CI p-Value

E1 −1.7 0.2 0.4 0.8 0.03
Interstitial fibrosis (%) −0.16 0.9 0.75 0.96 0.01

Only a univariate logistic regression model, including parameters influencing a de-
crease in proteinuria <1.0 g/24 h, was built. In contrary to 50% eGFR decline, the multi-
variate model did not reach statistical significance.

3.5. Correlation between Endocapillary Hypercellularity and Clinical Parameters

A comparison of clinical parameters between patients based on endocapillary hyper-
cellularity is presented in Table 11.
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Table 11. Clinical characteristics between groups based on endocapillary hypercellularity.

Parameter
Endocapillary Hypercellularity

p-Value
E0 (N = 56) E1 (N = 24)

Age (years) 40 ± 14 37 ± 13 0.36
SBP (mmHg) 129 ± 15 137 ± 18 0.05
DBP (mmHg) 79 ± 11 82 ± 12 0.42
MAP (mmHg) 94 ± 11 98 ± 13 0.18

NLR 2.6 ± 1.7 2.1 ± 0.9 0.15
PLR 144 ± 59 141 ± 55 0.87

Total cholesterol (mg/dL) 259 ± 110 258 ± 89 0.97
Triglycerides (mg/dL) 172 ± 91 174 ± 92 0.91

Uric acid (mg/dL) 6.5 ± 1.8 6.9± 1.6 0.35
Fasting glucose (mg/dL) 93 ± 12 92 ± 10 0.87
Serum albumin (g/dL) 3.5 ± 0.96 3.5± 0.8 0.9

Total protein (g/dL) 6.1 ± 1.2 5.9± 1.1 0.48
Serum creatinine (mg/dL) 1.4 ± 1.6 1.3 ± 0.4 0.8
eGFR (mL/min/1.73 m2) 70 ± 26 65 ± 19 0.35

UPCR (g/g) 1.8 ± 2.4 1.9 ± 1.5 0.92
Erythrocyturia—moderate 22 (39%) 11 (46%) 0.57

Erythrocyturia—severe 20 (36%) 8 (34%) 0.84
Hypertension 25 (45%) 8 (58%) 0.26

ACEI treatment 35 (63%) 17 (71%) 0.47
Immunosuppression use at the

time of biopsy 13 (23%) 5 (21%) 0.82

Immunosuppression use
after biopsy 25 (45%) 13 (54%) 0.83

None of the clinical parameters differed between the groups on the basis of endocapil-
lary hypercellularity.

Patients with E1 presented higher mesangial hypercellularity, interstitial inflammation,
and extent of interstitial fibrosis (presented in Table 12), while the eGFR decline was also
more strongly influenced by the presence of E1 in the kidneys. Kaplan–Meier survival is
presented in Figure 2.

Table 12. Histopathological variables related to endocapillary hypercellularity. The statistically
significant parameters are bolded in the table.

MEST-C
Endocapillary Hypercellularity p-Value

E0 (N = 56) E1 (N = 24)

M1 42 (75%) 24 (100%) 0.02
S1 25 (45%) 7 (63%) 0.14
T2 0 (0%) 1 (4%) 0.66

C1–2 0 (0%) 8 (34%) 0.001
Interstitial

inflammation—1–2 23 (41%) 22 (92%) 0.001

Interstitial fibrosis (%) 4.4 ± 5.1 13 ± 11 0.004
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4. Discussion

IgA nephropathy is the most prevalent primary glomerulonephritis, leading to ESRD;
however, due to its heterogeneity, it is challenging to accurately identify patients at high risk
of kidney function deterioration. In addition, it should be noted that not all patients may
benefit from aggressive immunosuppressive therapy [15]. On this basis, the need for a tool
to help predict the course of the disease and identify patients at risk of developing ESRD is
extremely important. There is evidence that several clinical features at presentation may
predict the risk of progression. The most important factors include the level of proteinuria,
hypertension, and renal function at the biopsy [16]. The Oxford Classification of IgAN
provides data derived from renal biopsy assessment, including the degree of mesangial
hypercellularity (M), endocapillary hypercellularity (E), segmental sclerosis (S), interstitial
fibrosis/tubular atrophy (T), and presence of crescents (C). In the VALIGA cohort, the value
of the MEST score was verified to predict the degree of renal function deterioration, as well
as survival without ESRD, or a 50% reduction in initial GFR [17].

In our study, a significant correlation was found between the deterioration of renal
function, as expressed by a decline in eGFR by 50%, compared to the baseline values,
and the level of proteinuria. The group with a 50% decrease in eGFR had significantly
lower concentrations of both serum albumin (2.5 ± 0.6 g/dL vs. 3.6 ± 0.9 g/dL, p = 0.002)
and total protein (4.8 ± 0.9 g/dL vs. 6.2 ± 1.2 g/dL, p = 0.004) at baseline. It was accompa-
nied by more severe protein loss, as expressed by UPCR (3.6 ± 2.5 vs. 1.7 ± 2.1, p = 0.02).
This finding is consistent with previous papers, pointing out the level of proteinuria as a
crucial factor in the progression of renal insufficiency among IgAN patients [18].

Moreover, there was a correlation between the presence of endocapillary hypercellu-
larity (E1) and the risk of eGFR deterioration. In both univariate and multivariate logistic
regression models, the presence of E1 increased the odds ratio of eGFR decline. On the one
hand, this finding is in accordance with a study published by Edstrom et al., showing that
the presence of endocapillary hypercellularity was associated with poor renal outcome,
expressed by end-stage renal disease or eGFR reduction >50% [19]. Similar findings were
presented in a paper by Chakera et al., where, in the multivariate regression, baseline
eGFR, proteinuria, and endocapillary hypercellularity were independent predictors of time
to ESRD and a rapid decline in eGFR [20]. Reversely, conclusions based on an analysis
of the VALIGA cohort confirmed the value of the MEST score in predicting the rate of
renal function deterioration, but the E1 score did not predict any of the outcomes [17],
including kidney function decline.
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Platelet-to-lymphocyte ratio (PLR) calculated as platelet count divided by lymphocyte
count has been established as a novel marker of malignancies, cardiovascular diseases,
and chronic obstructive pulmonary disease [21–23]. In Kaplan–Meier analysis, PLR more
than 137 was found to be a predictive factor of poor renal outcome ESRD [24]. Both NLR
and PLR were assessed as markers of inflammatory states, and their prognostic signifi-
cance has been established in several conditions such as rheumatoid arthritis, solid tumors,
and coronary artery disease. NLR and PLT reflect the excess of inflammatory response,
based on complement activations and the production of proinflammatory components
such as C3a and C5a, responsible for the migration of macrophages and lymphocytes.
The chronic inflammation localized within the glomeruli leads to the production of extracel-
lular matrix components, consequently initiating progressive tubulointerstitial fibrosis [25].

In our work, PLR was shown, in univariate analysis, to have a predictive influence on
eGFR deterioration.

It is also worth mentioning that patients with endocapillary lesions were more likely
to receive immunosuppressive treatment. In our study, 18 patients were treated with
prednisone already at the time of biopsy, and the number of these patients increased after
the diagnosis. There are two studies in which no patient received immunosuppression,
and both reported that E1 was independently associated with loss of renal function [20,26].
Among those who received no immunosuppression, the rate of renal function decline
was 5.4 ± 11.1 mL/min/1.73 m2 per year in those with endocapillary lesions, compared
with 2.6 ± 5.1 mL/min/1.73 m2 per year in those without endocapillary proliferation
(p = 0.02) [21]. These studies suggest that the employment of immunosuppression may
mask the predictive value of endocapillary hypercellularity in renal outcomes and is only
useful in situations where immunosuppression was not applied [27]. In our paper, the
number of patients receiving immunosuppression before biopsy did not differ in correlation
to the degree of endocapillary hypercellularity.

Using multivariate analysis, we found an influence of E1 on eGFR decline, whereas serum
albumin concentration had a protective impact. The second multivariate model involving
serum albumin concentration and interstitial fibrosis had an impact on eGFR worsening.

In our study, we also found that the presence of E1 influences blood pressure control.
Although the number of patients with diagnosed hypertension did not differ between
group E1 and E0, we observed a statistically significant difference in systolic blood pressure.
Patients with the presence of E1 demonstrated a mean SBP of 137 ± 18 mmHg, in contrast
to those with E0 who presented a mean SBP of 129 ± 15 mmHg. The higher values of blood
pressure might be related to more active kidney disease, stimulating hormonal disorders
responsible for blood pressure control, including activation of the renin–angiotensin–
aldosterone system.

It is worth mentioning that, although the presence of T lesions in our group did
not reach statistical significance, both in the univariate and in the multivariate logistic
regression models, we were able to prove that the extent of interstitial fibrosis, at the
time of biopsy, influenced the deterioration of renal function. It is now a widely accepted
paradigm that the degree of renal fibrosis correlates well with kidney function, both in
native kidneys and in kidney grafts [28]. The explanation of this difference might be
the fact that, in the Oxford classification of IgAN, a T0 score corresponds to tubular
atrophy/interstitial fibrosis <25% [12]. In relation to the MEST-C Oxford classification of
IgAN, all those values are within the T0 score. In our work, the mean extent of interstitial
fibrosis was 6.6% ± 2.2% in the group without eGFR decline vs. 11.1% ± 3.2% in the group
with 50% eGFR deterioration. Similarly, in patients in whom a reduction of proteinuria
below 1.0 g/24 h was achieved, the extent of interstitial fibrosis reached 4.0% ± 5.3% vs.
12.9% ± 12.3% among those in whom no such reduction was achieved. To explain those
discrepancies, future studies should be conducted with the use of digital pathology tools.

Since the level of proteinuria, especially exceeding 1.0 g per day, is a key factor of
renal insufficiency progression [17], we focused on patients in whom daily urinary protein
excretion fell below 1.0 g. Furthermore, when renal function deteriorated, we found a
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statistically significant correlation, in logistic regression, between E1 and the degree of
interstitial fibrosis and the likelihood of reduced protein excretion in the urine. Both factors
were negatively associated with the odds ratio of proteinuria reduction <1.0 g/24 h. A cru-
cial key factor, connecting proteinuria and progression of kidney insufficiency, is the extent
of interstitial fibrosis. It is known that the proteins passing the glomerular filtration barrier
have the potential to initiate the migration of inflammatory cells (mainly macrophages),
consequently inducing interstitial fibrosis [29].

The main limitation of this study was its small sample size. Although IgA nephropathy
is the most common type of primary glomerulonephritis, it is generally a rare disease in
the entire population. All available patients with biopsy-proven IgA nephropathy and
at least 6 months of follow-up were included in the study, after excluding patients with
secondary causes. The strength of the study is that we presented the results from one center
that provides care for the large region of southwestern Poland and concerns an ethnically
homogeneous group. Additionally, the same approach was used to treat all participants.

5. Conclusions

In our paper, we confirmed the utility of the MEST-C score, especially endocapillary
hypercellularity, in the prediction of renal function decline, expressed as a 50% decrease
in eGFR. A similar conclusion was made for a reduction in proteinuria below 1.0 g/24 h.
In addition to histopathological findings, the level of proteinuria expressed by initial serum
albumin concentration was found to have an impact on final kidney function.

Author Contributions: Conceptualization, A.K., T.G., M.K. (Mariusz Kusztal), H.A.-B. and M.K.
(Magdalena Krajewska); methodology, A.K., T.G. and M.K. (Mariusz Kusztal); formal analysis,
A.K., P.D., T.G., A.T. and A.H.; resources, A.K., P.D. and A.T.; writing—original draft preparation,
A.K.; writing—review and editing, A.K., P.D., T.G., M.K. (Mariusz Kusztal), H.A.-B. and M.K.
(Magdalena Krajewska); supervision, P.D. and M.K. (Magdalena Krajewska). All authors have read
and agreed to the published version of the manuscript.

Funding: The study was supported by the Wroclaw Medical University statutory funds (SUB.C160.21.016).
This was investigator-initiated research. The funding body had no role in study design, data collec-
tion, analyses, and interpretation, or in writing the manuscript.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Wroclaw Medical
University (KB 608/2019; 10 April 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in this article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wyatt, R.J.; Julian, B.A. IgA nephropathy. N. Engl. J. Med. 2013, 368, 2402–2414. [CrossRef] [PubMed]
2. Berger, J.; Hinglais, N. Intercapillary deposits of IgA-IgG. J. Urol Nephrol. (Paris) 1968, 74, 694–695.
3. Soares, M.F.; Roberts, I.S. IgA nephropathy: An update. Curr. Opin. Nephrol. Hypertens. 2017, 26, 165–171. [CrossRef] [PubMed]
4. Woo, K.T.; Chan, C.M.; Chin, Y.M.; Choong, H.L.; Tan, H.K.; Foo, M.; Anantharaman, V.; Lee, G.S.; Chiang, G.S.; Tan, P.H.; et al.

Global evolutionary trend of the prevalence of primary glomerulonephritis over the past three decades. Nephron Clin. Pract.
2010, 116, c337–c346. [CrossRef] [PubMed]

5. Kawamura, T.; Joh, K.; Okonogi, H.; Koike, K.; Utsunomiya, Y.; Miyazaki, Y.; Matsushima, M.; Yoshimura, M.; Horikoshi, S.;
Suzuki, Y.; et al. A histologic classification of IgA nephropathy for predicting long-term prognosis: Emphasis on end-stage renal
disease. J. Nephrol. 2013, 26, 350–357. [CrossRef]

6. Xie, J.; Lv, J.; Wang, W.; Li, G.; Liu, Z.; Chen, H.; Xu, F.; Sun, J.; Ouyang, Y.; Zhang, X.; et al. Kidney Failure Risk Prediction
Equations in IgA Nephropathy: A Multicenter Risk Assessment Study in Chinese Patients. Am. J. Kidney Dis. 2018, 72, 371–380.
[CrossRef]

7. Cheung, C.K.; Barratt, J. Biomarkers to Predict Progression in IgA Nephropathy. Clin. J. Am. Soc. Nephrol. 2019, 14, 1421–1423.
[CrossRef]

http://doi.org/10.1056/NEJMra1206793
http://www.ncbi.nlm.nih.gov/pubmed/23782179
http://doi.org/10.1097/MNH.0000000000000312
http://www.ncbi.nlm.nih.gov/pubmed/28221174
http://doi.org/10.1159/000319594
http://www.ncbi.nlm.nih.gov/pubmed/20664290
http://doi.org/10.5301/jn.5000151
http://doi.org/10.1053/j.ajkd.2018.01.043
http://doi.org/10.2215/CJN.09100819


Diagnostics 2021, 11, 1764 12 of 12

8. Working Group of the International IgA Nephropathy Network and the Renal Pathology Society; Roberts, I.S.; Cook, H.T.;
Troyanov, S.; Alpers, C.E.; Amore, A.; Barratt, J.; Berthoux, F.; Bonsib, S.; Bruijn, J.A.; et al. The Oxford classification of IgA
nephropathy: Pathology definitions, correlations, and reproducibility. Kidney Int. 2009, 76, 546–556. [CrossRef]

9. Coppo, R.; D’Arrigo, G.; Tripepi, G.; Russo, M.L.; Roberts, I.S.D.; Bellur, S.; Cattran, D.; Cook, T.H.; Feehally, J.; Tesar, V.; et al.
Is there long-term value of pathology scoring in immunoglobulin A nephropathy? A validation study of the Oxford Classification
for IgA Nephropathy (VALIGA) update. Nephrol. Dial. Transplant. 2020, 35, 1002–1009. [CrossRef]

10. Barbour, S.J.; Espino-Hernandez, G.; Reich, H.N.; Coppo, R.; Roberts, I.S.; Feehally, J.; Herzenberg, A.M.; Cattran, D.C.; for the
Oxford Derivation, North American Validation and VALIGA Consortia. The MEST score provides earlier risk prediction in lgA
nephropathy. Kidney Int. 2016, 89, 167–175. [CrossRef]

11. Barbour, S.J.; Coppo, R.; Zhang, H.; Liu, Z.H.; Suzuki, Y.; Matsuzaki, K.; Katafuchi, R.; Er, L.; Espino-Hernandez, G.; Kim, S.J.;
et al. Evaluating a New International Risk-Prediction Tool in IgA Nephropathy. JAMA Intern. Med. 2019, 179, 942–952. [CrossRef]
[PubMed]

12. Trimarchi, H.; Barratt, J.; Cattran, D.C.; Cook, H.T.; Coppo, R.; Haas, M.; Liu, Z.H.; Roberts, I.S.; Yuzawa, Y.; Zhang, H.; et al.
Oxford Classification of IgA nephropathy 2016: An update from the IgA Nephropathy Classification Working Group. Kidney Int.
2017, 91, 1014–1021. [CrossRef] [PubMed]

13. Selistre, L.; Rabilloud, M.; Cochat, P.; de Souza, V.; Iwaz, J.; Lemoine, S.; Beyerle, F.; Poli-de-Figueiredo, C.E.; Dubourg, L.
Comparison of the Schwartz and CKD-EPI Equations for Estimating Glomerular Filtration Rate in Children, Adolescents,
and Adults: A Retrospective Cross-Sectional Study. PLoS Med. 2016, 13, e1001979. [CrossRef] [PubMed]

14. Pozzi, C.; Bolasco, P.G.; Fogazzi, G.B.; Andrulli, S.; Altieri, P.; Ponticelli, C.; Locatelli, F. Corticosteroids in IgA nephropathy:
A randomised controlled trial. Lancet 1999, 353, 883–887. [CrossRef]

15. Rauen, T.; Eitner, F.; Fitzner, C.; Sommerer, C.; Zeier, M.; Otte, B.; Panzer, U.; Peters, H.; Benck, U.; Mertens, P.R.; et al. Intensive
Supportive Care plus Immunosuppression in IgA Nephropathy. N. Engl. J. Med. 2015, 373, 2225–2236. [CrossRef]

16. D’Amico, G. Natural history of idiopathic IgA nephropathy and factors predictive of disease outcome. Semin Nephrol.
2004, 24, 179–196. [CrossRef]

17. Coppo, R.; Troyanov, S.; Bellur, S.; Cattran, D.; Cook, H.T.; Feehally, J.; Roberts, I.S.; Morando, L.; Camilla, R.; Tesar, V.; et al.
Validation of the Oxford classification of IgA nephropathy in cohorts with different presentations and treatments. Kidney Int.
2014, 86, 828–836. [CrossRef]

18. Floege, J.; Barbour, S.J.; Cattran, D.C.; Hogan, J.J.; Nachman, P.H.; Tang, S.C.W.; Wetzels, J.F.M.; Cheung, M.; Wheeler, D.C.;
Winkelmayer, W.C.; et al. Management and treatment of glomerular diseases (part 1): Conclusions from a Kidney Disease:
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney Int. 2019, 95, 268–280. [CrossRef]

19. Edstrom Halling, S.; Soderberg, M.P.; Berg, U.B. Predictors of outcome in paediatric IgA nephropathy with regard to clinical and
histopathological variables (Oxford classification). Nephrol. Dial. Transplant. 2012, 27, 715–722. [CrossRef]

20. Chakera, A.; MacEwen, C.; Bellur, S.S.; Chompuk, L.O.; Lunn, D.; Roberts, I.S.D. Prognostic value of endocapillary hypercellularity
in IgA nephropathy patients with no immunosuppression. J. Nephrol. 2016, 29, 367–375. [CrossRef]

21. Templeton, A.J.; Ace, O.; McNamara, M.G.; Al-Mubarak, M.; Vera-Badillo, F.E.; Hermanns, T.; Seruga, B.; Ocana, A.; Tannock, I.F.;
Amir, E. Prognostic role of platelet to lymphocyte ratio in solid tumors: A systematic review and meta-analysis. Cancer Epidemiol.
Biomarkers Prev. 2014, 23, 1204–1212. [CrossRef]

22. Lee, Y.S.G.; Baradi, A.; Peverelle, M.; Sultani, R.; Adams, H.; Garlick, J.; Wilson, A.M. Usefulness of Platelet-to-Lymphocyte
Ratio to Predict Long-Term All-Cause Mortality in Patients at High Risk of Coronary Artery Disease Who Underwent Coronary
Angiography. Am. J. Cardiol. 2018, 121, 1021–1026. [CrossRef]

23. Yao, C.; Liu, X.; Tang, Z. Prognostic role of neutrophil-lymphocyte ratio and platelet-lymphocyte ratio for hospital mortality in
patients with AECOPD. Int. J. Chronic Obstr. Pulm. Dis. 2017, 12, 2285–2290. [CrossRef] [PubMed]

24. Chang, D.; Cheng, Y.; Luo, R.; Zhang, C.; Zuo, M.; Xu, Y.; Dai, W.; Li, Y.; Han, M.; He, X.; et al. The prognostic value of
platelet-to-lymphocyte ratio on the long-term renal survival in patients with IgA nephropathy. Int. Urol Nephrol 2020, 53, 523–530.
[CrossRef] [PubMed]

25. Wang, S.; Dong, L.; Pei, G.; Jiang, Z.; Qin, A.; Tan, J.; Tang, Y.; Qin, W. High Neutrophil-To-Lymphocyte Ratio Is an Independent
Risk Factor for End Stage Renal Diseases in IgA Nephropathy. Front. Immunol. 2021, 12, 700224. [CrossRef] [PubMed]

26. Shi, S.F.; Wang, S.X.; Jiang, L.; Lv, J.C.; Liu, L.J.; Chen, Y.Q.; Zhu, S.N.; Liu, G.; Zou, W.Z.; Zhang, H.; et al. Pathologic predictors
of renal outcome and therapeutic efficacy in IgA nephropathy: Validation of the oxford classification. Clin. J. Am. Soc. Nephrol.
2011, 6, 2175–2184. [CrossRef]

27. Wesson, D.E.; Simoni, J. Acid retention during kidney failure induces endothelin and aldosterone production which lead to
progressive GFR decline, a situation ameliorated by alkali diet. Kidney Int. 2010, 78, 1128–1135. [CrossRef]

28. Vanhove, T.; Goldschmeding, R.; Kuypers, D. Kidney Fibrosis: Origins and Interventions. Transplantation 2017, 101, 713–726.
[CrossRef]

29. Eddy, A.A. Proteinuria and interstitial injury. Nephrol. Dial. Transplant. 2004, 19, 277–281. [CrossRef]

http://doi.org/10.1038/ki.2009.168
http://doi.org/10.1093/ndt/gfy302
http://doi.org/10.1038/ki.2015.322
http://doi.org/10.1001/jamainternmed.2019.0600
http://www.ncbi.nlm.nih.gov/pubmed/30980653
http://doi.org/10.1016/j.kint.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28341274
http://doi.org/10.1371/journal.pmed.1001979
http://www.ncbi.nlm.nih.gov/pubmed/27023756
http://doi.org/10.1016/S0140-6736(98)03563-6
http://doi.org/10.1056/NEJMoa1415463
http://doi.org/10.1016/j.semnephrol.2004.01.001
http://doi.org/10.1038/ki.2014.63
http://doi.org/10.1016/j.kint.2018.10.018
http://doi.org/10.1093/ndt/gfr339
http://doi.org/10.1007/s40620-015-0227-8
http://doi.org/10.1158/1055-9965.EPI-14-0146
http://doi.org/10.1016/j.amjcard.2018.01.018
http://doi.org/10.2147/COPD.S141760
http://www.ncbi.nlm.nih.gov/pubmed/28814856
http://doi.org/10.1007/s11255-020-02651-3
http://www.ncbi.nlm.nih.gov/pubmed/33113085
http://doi.org/10.3389/fimmu.2021.700224
http://www.ncbi.nlm.nih.gov/pubmed/34456912
http://doi.org/10.2215/CJN.11521210
http://doi.org/10.1038/ki.2010.348
http://doi.org/10.1097/TP.0000000000001608
http://doi.org/10.1093/ndt/gfg533

	Introduction 
	Materials and Methods 
	Patients 
	Kidney Specimen Histology 
	Clinical Parameters 
	Clinical Management of the Patients 
	Statistical Analysis 

	Results 
	Patients’ Baseline Characteristics 
	Histopathological Baseline Data 
	Association between Clinical and Histopathologic Features and Decline in eGFR >50% 
	Association between Clinical and Histopathologic Features and Proteinuria Reduction below 1.0 g/24 h 
	Correlation between Endocapillary Hypercellularity and Clinical Parameters 

	Discussion 
	Conclusions 
	References

